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-Det.ail.ed Description Teict - DETX (38) : 

Iho thick end of the rosulting tapered carbon thin rod was elect ricaiiy i 
connected with a lead wire by using a silver paste cement and the whole I 
surface fei 
was coated with a 1S% solution of a glass resin (Ol - 100, trade nane, 1 
nanufactured by Shova Denko K.K.) in ethanol, and dried to fom an insulating! 

coat. The oember thus coated was inserted into a capillary tube of Pvrex i 

glass ' 

(0.5 BO in inner diameter, 1 im in outer diameter) and both ends of the gl jt«g| 

" ^J^*^- wore flKed to pulling terminals of a puller. 1 

Detailed Description Te»rt - DETX (39) : 

The center portion (5 nn long) of the glagg^ll^ubg was heated to plasticizeft 

said portion, and the puller was actuated at a stroke to bring the gl fl3a:;t: tib^ :: 

wall into close contact with the tapered carbon thin rod. Finally the 
cent ral ^ 
portion of the a;^«i3£:: uAibe was cut to enpose the carbon surface fron the 
insulating coat resulting in oompletion of a tapered carbon nicroelectrode . 1 

Detailed Description Teirt - DETX (49): | 

The thick end of the resulting tapered carbon thin rod was electrically 
connected with a lead wire b/ using a silver paste cement. The resulting ^ 
oenber was inserted into a capillary tube of Pyrex glass (D.S mm in inner 
diaaeter, 1 ma in outer diameter) and both ends of the ijidssi^rube were fixod^^ 

t O ** ;: 

pulling tenainals of a puller. 

Detailed Description Text - DETX (50) : 

The center portion (5 tam long) of the i^lassiiiciibo was heated to plasticizep 

said portion, and the puller was actuated at a stroke to bring the -^lai^s'^t ii^e ; . 

wall into close contact with the tapered carbon thin rod. Finally, the 
central 

portion of the "^^M^^^t^^ to expose the carbon surface from the 

insulating coat resulting in oompletion of a tapered carbon nicroelectrode 
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SP.Bup. 3 

g^f*"' -crystallites on the surface of the cathode 10 is sufficiently high, 

enission fron the SP.sup.3 riicro' -crystallites will be sufficient to excite 
Che 

anode (not shown), without having to raise voltage levels to a magnitude 
sufficient for eniasion to occur fron the SP.sup. 2 raic-irb -crystallites. 
Accordingly, by controlling pressure, teoperature and method of deposition ofi 

the anorphic diamond film in a aanner which is well-Jcnown in the art 
SP.sup. 3 

r^^^^ -crystallitea can be nade a large enough percentage of the total nuaber> 

91 t 

n^^^ -crystallitea to produce sufficient electron enission. ; 

Detailed Description Text - DETX (17): 

Coating 62 may also be a carbon film deposited using chemical vapor ^ 
deposition, and other techniques of an equivalent nature, such as disclosed h 
in 

U^S. patent application Ser. No. 09/859,960 and U.S. patent application Ni 

No. 08/910, 604, which are hereby incorporated by reference herein. 6uch a B 
carbon filn nay comprise several different types of structures, including 
carbon flaJces as disclosed in U.S. patent application Ser. Mo. 07/642,955 ^ 
o r 

such as disclosed in U.S. patent application Ser. No. P 
09/356, 145 and 60/185,222, vtiich are hereby incorporated by reference herein.!;, 



Detailed Description Text - DETX (19) : 

Turning now to FIG. 7, shown is one application of the wire 61 in v>4iich 

► 

coated wire 61 functions as 



a conductive filament and is surrounded by a 



T;^e 72, functioning as an anode and which has an electrical contact 73 to 
thereby produce a fluorescent tube. The tube functions in a manner which is ^s: 
analogous to the flat panel display application discussed in connection with 
FIGS. 1-5, that IS, a potential difference is impressed between the wire 61 m 
(negative) and the tube 72 sufficient to overcome the space -charge between 
the 

cathode wire 61 and the tube anode 72. Once the space-charge has been 
overcome, electrons will flow from eniasion site SP.sup.3 ifii-iiro -crystallites' 

i n .; 

the coating 62. 
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Suoaary of Invention Paragraph - BSTX (13) : 

[0011] A further object of the present invention is to provide a nanotubo i 

1 having a polyhedral cross-section and having a twist along = 

long axis to provide even higher structural integrity and strength. 

Detail Description Paragraph - DKTX (16): | 
[0041] In addition to the myriad of uses for conventional nanotubes and ^ 
carbon v^islcers, the polyhedra of the present invention can also be used in a| 

Si I variety of uses heretofore unknown or unattainable with conventional round 
°" crosa section structures. In particular, due to their size and the presence 
of 

facets, the present graphitic polyhedra provide significant ioproveDents in 
nano- and nicro-probes for atonic force aicroscopy and other work. The 
present 



inventi.on provides a ^HJ^t-a comprising an isolated graphitic polyhedral 
crystal *~ 

of the present invention having a plurality of graphite sheets arranged in a i 
plurality of layers to foro an elongated structure having a long axis and a I 
diameter and having 7 or no re external facets running substantially the 
length 

of the long axis, and having protruding from one end thereof a nanotubo. The! 

microscopy p'rcl>-> can be used for atonic force aicroscopy or other foms of S 
nicro and nanoscale nanipulation. The facets provide higher stability to the^ 

^9^1 since the device that holds the ^rotc has a flat surface onto which ^-'^ 

can grasp, compared to a curved surface of a conventional circular cross 
section nanoprobe. Additionally, due to the large size of the preferred W 
enbodinents of the present graphitic polyhedral crystals, manipulation under p 
optical microscope conditions is significantly Improved, a big advantage overll 

conventional nanoprobes. m 

I? 

Claims Text - CLTX (27): 

27. A oicroscopy i;itft:t>j comprising a graphitic polyhedral crystal having 
a W 
plurality of graphite sheets arranged in a plurality of layers to form an 
elongated structure having a long axis and a diameter and having 7 or more 
external facets running substantially the length of the long axis, and having-^. 

protruding from one end thereof a nanotubo. 
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DHTAILBD tSSCRIPTIOH OF THE INVENTION 

[0045} The above-deacribed previous invention can be uaed in one of the key 
steps of the present invention, to deposit met all ©catalysts for carbon 
nanoBtructure growth at the tips of nanowirea and/or conductive cantilevers. 
I ^ shovfs a basic conductive substrate 31 having deposited thereon a tip : 

j thereof a snail anount {dot) 33 of catalyst and a carbon nanostructure BJ 
I extending therefroa. The substrate 31 can be a nanowire, a cantilever, a I 

nicro/nanoneter structure, a wafer, or any other suitable structure made of k 
I any j ;. 

jDaterial. The catalyst "dot" 33 is the neceasary oaterial for inducing the ?:l 
1 catalytic growth of a single carbon nanostructure at a p red ete mined ? 
I location. T; 

The catalyst dot 33 can be nononetallic, netallic, nomaetallic. or any 
I oaterial 

I that produces desired carbon nanostructure growth 

[0046] The present invention applies generally to carbon nanotubes (including; 

I both single-i^ll carbon nanotubes and multi-wall carbon nanotubes) and also 
I to 

j carbon nanofibers, needles, whis)cers, and the like. Therefore, all nanoscalel 

carbon structures are henceforth referred to using the inclusive general tero'H 

j "carbon nanost ructures". 

{0047) The present invention can be used for production of carbon 
nanostructure- anchored cantilevers that can significantly improve the 
performance (such as resolution) of conventional scanning microscopy, M 

example, atomic force microscopy (AFM), scanning tunneling microscopy (STM), Mi 
I etc. The present invention can be used also in aany other processes of nicro * 
land/or nano fabrication with carbon nanoat ructures . 

I (0048] Some features of the present invention are: 

I (0049] 1. Proper selection of metal catalyst (a), for example, Co, Ni, and 

and preferably programmable, pulsed electrolytic deposition of the desired 
specific catalysts precisely at the tips of nanowires and/or conductive 
cantilevers; 

I [0050] 2. Catalyst -induced growth of carbon nanost ructures at the 
I catalyst-deposited tips; 

[0051) 3. Control of carbon nanostructure growth pattern by m anipulation of ^ 
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SuEcaary of Invention Paragraph - BSTX (6) : 

t0004] FIG. 16 is a side view of the tip end of a ffLas3;;.t\jbi that has 
been — i-- 

worked so that a taper is fonced. The diaoeter of this tip end is 

approxiaately 100 nn, while the dianeter of the rear end of the tube not ^: 

shown j 

is 1 nn PIG. 17 ia a conplete diagraa of a set of nanotwaezers . Two netal ^ 

electrode films .84a and e4b are fomed on the circuoferential surface of the F 
above-deacrxbed glagp;;;^ct>^ 60 with an insulating section 82 interposed. 

Ca rbon ^Si 

nanotubea 86a and 86b are respectively fastened to these netal electrode i 
tiims 

so that the carbon na not ubes protruded, thus forming a set of nanotweezera f 

Suoaary of Invention Paragraph - BSTX (7) : 

[OOOSJ FIG. 18 ia a acheoatic diagram showing the application of a voltage^ 

to the nanotweezers. Lead wires 92a and 92b are led out fron contact points S 
90a and 90b on the metal electrode films 84a and e4b and are connected to i 

both v-.|: 

ends of a direct-current power supply 94. when the voltage of this 

direct -current power supply 94 is applied, the csJ -rbon: ;;r3n6t;i;o^; 8ga is i 

charged ^ 

to a positive polarity, Oiile the i^rSlrmnoiiv^e: 8 6b is charged to a 
negative " 

polarity. As a result of the electrostatic attractive force of these 1. 
positive 

and negative charges, the tip ends of tho carbon nanotubes e6a and 86b close 1^ 
mi^rd, BO that a nano -substance 96 can be gripped between these tip ends. 

auBmary of Invention Paragraph - BSTX (9): 

[0007] Hoiwver, the nanotweezera QB have the drawbacks. More 
specifically, 

the first drawback is that since the tip end of the gi;«s«:;tub^i 80 is finely ^■ 
worked to 100 nn in a tapered form, thus the nanotweerefs'ieT'are weak and 
brittle in terms of strength. 
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